Background: After a stroke, the control of the trunk muscle may be severely impaired. Due to the importance of trunk control in complex daily postures, the ability to adopt a correct sitting posture is considered a determinant of the recovery of independent function after a stroke.
Introduction
Trunk muscles play a major role in the adoption of a sitting posture and in more complex postures, such as reaching, upright standing, or walking. Following a stroke, the control of trunk muscles is often severely impaired, although the loss of muscular strength is greater on the affected than unaffected side (Bohannon, 1995; Davies, 1990; Olney and Martin, 1997) . The isometric strength of bilateral trunk muscles of stroke patients is also lower than that of healthy individuals (Bertrand and Bourbonnais, 2001; Bohannon, 1995; Gauthier et al, 1992) . Furthermore, hemiplegic patients generally experience controlateral somatosensorial deficiency, which results in dysfunction in the construction of the body scheme (Perennou et al, 1998) , hemianopsia, and reorganization of the sensory collection strategy (Bonan et al, 2004b; Di Fabio and Badke, 1990) .
Due to the importance of trunk control in complex postural control, the ability to adopt a correct sitting posture is considered a determinant of the recovery of independent functions after a stroke (Franchignoni et al, 1997; Hsieh et al, 2002; Wade et al, 1983) . 한국전문물리치료학회지 2017년 24권 2호 66-75 Phys Ther Korea 2017;24(2):66-75
-67 -Attempting to change the sitting posture is challenging for several reasons. First, posture is influenced by nonmodifiable factors, including genetics and gender, as well as a range of psychosocial and lifestyle factors (Dunk and Callaghan, 2005; O'Sullivan et al, 2011; Seah et al, 2011) . Second, the presence of altered proprioceptive awareness and changes in body schema may affect attempts to improve the sitting posture (Bray and Moseley, 2011; Brumagne et al, 2000; O'Sullivan et al, 2003; Moseley et al, 2012; Sheeran et al, 2012; ) . Despite some preliminary evidence that biofeedback may improve sitting posture (Horton and Abbott, 2008; Magnusson et al, 2008; Van Hoof et al, 2011) , many studies have demonstrated little benefit from using biofeedback for non-specific chronic low back pain (NSCLBP) (Bush et al, 1985; Stuckey et al, 1986) . Few studies have examined the effect of postural biofeedback on changes in the sitting positions of stroke patients. Although a correct sitting position is important in the rehabilitation of hemiplegic patients, no specific interventions for ensuring that the patient's weight is evenly distributed during the sitting posture have been described. A recent study suggested that visual biofeedback (VBF) on posture in real time may be effective in increasing the awareness of patients with chronic lower back pain of their sitting positions (O'Sullivan et al, 2013) . The sufficient trunk muscle control can contribute to trunk stability that reveal the lower variability in buttock pressure and pelvic tilting angle than patients who has poor trunk muscle control during a sitting posture. There have been no studies of the effect of sitting training with VBF in hemiplegic patients. For investigating whether the sitting training with VBF training has an effect on sitting balance in hemiplegic patients, the purposes of this study were (1) to compare differences in buttock pressure of the left and right sides of hemiplegic patients and (2) to compare differences in pelvic tilting angles (sagittal and coronal planes) in hemiplegic patients after real-time VBF sitting training.
We hypothesized that the asymmetric buttock pressure and pelvic tilting angles of the hemiplegic patients would be reduced after real-time VBF sitting training. We also hypothesized that there would be less change in the buttock pressure on the affected side than on the less affected side during a sitting posture after real-time VBF sitting training.
Methods

Subjects
A pilot study with five subjects was first conducted. G*power software was used (ver. 3.1.2; Franz Faul, University of Kiel, Kiel, Germany) to calculate the sample size needed to obtain a power of .80, alpha level of .05, and effect size of .75. The results indicated that a sample size of at least 13 subjects was needed for the study. Twenty-two patients with hemiplegia were recruited. Their mean age was 55.6±9.8 (mean±standard deviation) years, their mean body weight was 62.8±8.8 ㎏, and their mean height was 163.4±7.4 ㎝. The experimental protocols were explained in detail to all the subjects, and all the subjects provided written informed consent. This study protocol was approved by the Yonsei University Wonju Institutional Review Board (approval number: 041849-201511-BM-066-02).
Twenty-two individuals with unilateral strokes (11 left-side and 11 right-side hemiplegic stroke patients) participated in this study. The inclusion criteria were as follows: first-time supratentorial stroke, independent community ambulation, moderate trunk impairment scale (scores between 9 and 17). The Korean version of Trunk Impairment Scale (K-TIS) scores, on a range from 0 to 23, static and dynamic sitting balance as well as trunk coordination. The exclusion criteria were less than a year from stroke onset, a history of lower back pain or related surgery, or the presence of hemi-neglect, bilateral stroke, visual deficits, or comprehension impairment. Demographic data on the participants are presented in Table 1 .
Instruments
Pressure mat
A pressure mat (Baltube, RELIVE, Gimhae, Korea) was used to measure the changes in pressure while the subject was sitting. The size of the mat was 25×25×7 ㎝, and the mat was divided into four air chambers (Figure 1 ). The first chamber is the right buttock side, the second chamber is the right thigh side, the third chamber is the left buttock side, and the fourth chamber is the left thigh side.
The "R", "L", "A", and "P" sections of the chamber measured the changes in pressure during sitting on the right buttock side, left buttock side, right thigh side, and left thigh side. The subjects were instructed to place both their buttocks and thighs on the correct chamber. The sensors in the Baltube seats were silicon pressure sensors (TruStability), with series-standard accuracy. These pressure sensors estimate the ratiometric analog output for scanning pressure values over a full-scale pressure span. The palpation meter consisted of an inclinometer, with two caliper arms (Lee and Yoo, 2011) . The inclinometer, which has a semicircular arc, can measure within a range of 0-30˚ in each direction from the middle at 1˚ intervals.
The intratester reliability of the palpation meter was high for both the coronal (intraclass correlation coefficient (ICC=.84) and sagittal planes (ICC=.98). The intertester reliability was high for the sagittal plane measurements (ICC=.89) but moderate for the coronal plane measurements (ICC=.65) (Hagins et al, 1998) .
In the present study, we utilized a new method, the Baltube, to check the amount of pressure change in a quiet sitting position. The Baltube can also be used to record the time at which the variation in pressure occurs and to check the posture maintenance time, making it possible to quantify postural changes in a sitting position. We named this method asymmetric occurring time (AOT).
Procedure
Before the subjects sat on the Baltube seat, all the air chambers (first to fourth) of the seat were set at 20 ㎜Hg. The subjects were instructed to sit upright and to place both their buttocks and thighs on each chamber of the pressure mat. They were then asked to place both hands comfortably in their laps. 
Preintervention test
The tester placed the subject in a neutral sitting position on the pressure mat. Using the palpation meter, a neutral sitting position was defined as one in which both the anterior superior iliac spine (ASIS) and posterior superior iliac spine (PSIS) were located in the same horizontal plane. The target (a piece of paper stuck on the wall) was placed 150 ㎝ away on the wall in front of the subject at the subject's eye level. When the tester confirmed that the subject had adopted a neutral sitting posture, the tester clicked the "Start" button on the computer software. The subjects were asked to maintain a neutral sitting position for 5 min. After 5 min, the tester measured the change of pressure in the pressure mat and the amount of pelvic tilting angle.
VBF sitting training
After finishing the preintervention test, the subjects rested for 2 min to minimize fatigue. A smartphone screen was then placed on the wall 150 ㎝ away from the subject at the subject's eye level. The smartphone was connected and synchronized with the pressure mat using Bluetooth. In this way, the subjects could observe the pressure distribution of both their buttocks and thighs. The tester explained to each subject how the VBF training worked and asked each subject to maintain their center of pressure (COP) in a sitting posture while looking at the smartphone. The smartphone then displayed the trajectory of the COP while the subject leant forwards, backwards, left, and right while attempting to maintain a neutral sitting position. Thus, the subjects were aware when the trunk was in a neutral position and when it was not. When the subjects detected that the trunk was not in a neutral positon (neutral zone) via the smartphone screen, they altered the position of their trunk to move their COP to the neutral zone. The VBF training was performed for 15 min (Figure 3) .
During the VBF training, the subjects attempted to keep a real-time COP indicator (1×1 ㎜) inside an outlined zone (25×25 ㎜) on the smartphone screen located 150 ㎝ away at eye level in front of them. The size of the zone on the screens was equivalent to an 8×8 ㎜ area on the pressure mat. Leaning the trunk forwards, backwards, left, or right resulted in the indicator moving up, down, left, or right.
Postintervention test
To minimize muscle fatigue, each subject rested for 2 min before the postintervention test. After resting, the subjects sat on the pressure mat again and maintained a neutral sitting position, using the same maneuvers for 5 min that they had employed in the preintervention test. After 5 min, the pressure and pelvic angles were reassessed using the pressure mat and palpation meter, respectively.
Data collection
Buttock pressure
Buttock pressure data were collected while the subjects performed a target trial for 5 min. The mean pressure value in the initial term was calculated using the data collected at the 1 min. The mean pressure value in the finial term calculated using the data obtained in the following 4 min. Pressure asymmetry values were calculated by subtracting the mean pressure value of the third chamber (left side) from the mean pressure value of the first chamber (right side) in the initial term. The pressure asymmetry values were measured in the in- itial and final term. For each subject, the change in buttock pressure (from the mean pressure of the initial term to the final term) of the affected and lesser affected sides was calculated.
Pelvic angle
The pelvic angles were measured before and after the 5 min target trial in a static sitting position. The pelvic tilting angles were measured using the palpation meter. The investigator palpated the ipsilateral ASIS and PSIS landmarks using their index fingers, inserting the tips of both index fingers into the holes of the palpation meter. The tips of the meter were placed on the ASIS and PSIS to measure the angle of pelvic tilting in the sagittal plane. To measure the angle of pelvic tilting in the coronal plane, the two tips of the meter were placed on either side at the top of the iliac crest. Lateral pelvic tilt (coronal plane) toward the left side indicated a minus (-) value, whereas lateral pelvic tilt toward the right side indicated a plus (+) value. Anterior pelvic tilt indicated a plus (+) value, and posterior pelvic tilt indicated a minus (-) value.
Statistical analysis
SPSS, ver. 18.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. A paired t-test was used to compare the differences between the initial pressure asymmetry values and final pressure asymmetry values of the hemiplegic patients. The significance in terms of intragroup (within) was confirmed. The Komologov-Smirnov analysis was performed to determine whether the data showed a normal distribution.
To compare the change in pressure values and pelvic tilting angles between the pre-and postintervention trials, a paired t-test was applied. The change in pressure was calculated by subtracting the mean of the final values from the mean of the initial values.
Results
The preintervention pressure asymmetry values and postintervention pressure asymmetry values of the hemiplegic patients were significantly different (p<.05). The initial preintervention asymmetric pressure values (difference in pressure values between the left and right sides) and final preintervention values were greater than the postintervention values. Table 2 shows the difference in the buttock pressure values (㎜Hg) of the hemiplegic patients between the pre-and post-intervention periods. The average preintervention buttock pressure value in the coronal plane (first and third chamber) was 8.36 ㎜ Hg, and the average postintervention value was 5.69 ㎜Hg. There was a significant difference between the pre-and post-intervention values (p<.05). In contrast, there was no significant difference between the average coronal plane (second and fourth chamber) preintervention buttock pressure value (3.07 ㎜Hg) and average postintervention value (2.62 ㎜Hg) (p>.05). There was also no significant difference between the average sagittal plane (anterior-posterior asymmetry) preintervention and postintervention buttock pressure Table 3 shows differences of pelvic angle on the coronal and sagittal planes. There was a significant difference in pelvic angle on the coronal plane between the pre-and post-intervention (p<.05). The angle of pelvic tilting variations by 6.64˚ in the preintervention and 2.27˚ in the post-intervention. Also, there was significant difference in pelvic angle on the sagittal plane between pre-and post-intervention (p<.05). The angle of pelvic tilting variations by left side 4.59˚ and right side 6.95˚ in the preintervention and left side 1.50˚ and right side 2.18˚ in the post intervention, respectively. Table 4 presents the pre-and post-intervention AOT of 2 ㎜Hg of the hemiplegic patients. In each of the pressure chambers, the average asymmetry between the pre-and post-intervention was AOT of 2 ㎜Hg. All the chambers showed a significant difference in the asymmetry values between the preand postintervention, except second chamber.
Discussion
This is the first study to use pressure mat (Baltube) technology in quiet-sitting balance control training in chronic stroke patients.
The asymmetry of pressure between the right and left (first and third chambers) sides significantly decreased after the VBF training. There was also a significant decrease in the pelvic tilt angles in the postintervention versus the preintervention, as shown by the measurements obtained using the palpation meter. Visual biofeedback training, using pressure mat technology, would be an alternative way for quiet sitting balance training. Perlmutter et al. (2010) suggested the use of quantitative methodology to understand the ability to maintain upright during unsupported sitting in chronic unilateral stroke patients. They used spatial and temporal analyses to compare the COP trajectories of a stroke group with those of a healthy group. They showed that both groups showed significantly less sway during feedback trials. In their study, when the COP trajectories decreased, the AOT also increased. Furthermore, when the COP trajectories increased, the AOT was diminished. The results of the present study are similar to those of Perlmutter et al (2010) , with a significant increase in the AOT after the VBF training. We concluded that VBF training was an effective method to help stroke patients maintain Previous studies described postural disturbances in stroke patients. Genthon et al (2007) investigated sitting balance control among acute stroke subjects sitting on a force platform. They tested three conditions of quiet sitting: siting with eyes closed, target, and feedback. They detected significantly larger COP displacement and velocity among the stroke patients when compared to the healthy controls. They concluded that postural disturbance occurred in acute stroke patients during sitting. A study by van Nes et al (2008) reported greater postural disturbance in the coronal plane when subjects were seated on an unstable surface. In the present study, the buttock pressure of both right and left sides was significantly reduced after the VBF training intervention. Genthon et al (2007) reported greater postural disturbance in the sagittal plane, although the stroke subjects in their study had significantly larger maximum sagittal displacement than those in the present study. However, decreased in our study occurring time by the pressure changes but not significant in the sagittal plane.
In the present study, the pressure values decreased after the intervention, but the level of change was not significant. Previous research with acute hemiplegic patients used a force plate to measure pressure variations. The current study used a pressure mat in chronic hemiplegic patients.
In the pilot study, the pressure variation between the left and right sides was defined as 2 ㎜Hg. In addition, the AOT in each chamber was recorded. Changing the amount in each chamber changed the COP. After the intervention, an AOT of 2 ㎜Hg emerged as significant. The pressure mat (Baltube) detected the AOT over a 2 ㎜Hg between the preand post-interventions for each pressure chamber (AOT above 2 ㎜Hg denoted a nonsignificant difference). There was a significant difference in the pressure variation (2 ㎜Hg) in all the chambers between the pre-and post-interventions, except in chamber two, despite an increase in the time. We attributed this finding to the 2nd, 4th chamber of the thighs of some tall patients and foot partial weight bearing and is considered a better future consideration.
Previous studies reported that balance training on a force platform and VBF training led to significant improvements in the ability to perform activities of daily living (Chen et al, 2002; Eser et al 2008) . Some studies also reported that visual feedback on the COP affected sitting postural control. A number of studies found that visual feedback on the COP in the standing position significantly decreased body sway (Barclay-Goddard et al, 2004; de Haart et al, 2005; Shumway-Cook et al, 1988) . Perlmutter et al. (2010) reported that sitting during visual feedback resulted in decreased trunk sway and maximum displacements in both chronic unilateral stroke patients and healthy control groups, as well as significant increases in the stroke group. These findings suggest that stroke patients can improve postural efficiency to a level similar to that of controls when provided with an accurate indicator of trunk position in real-time. Thus, it is possible that poststroke stability problems in a sitting posture may be related to sensory organization of postural trunk control, as is seen in standing balance (Bonan et al, 2004a; Di Fabio et al, 1990 , 1991 Marsden et al, 2005) .
In the present study, after VBF quiet sitting balance training for 15 min, asymmetry of the buttock pressure and angle of pelvic tilting decreased in the hemiplegic patients. The results suggest that VBF training may be a useful rehabilitation strategy for hemiplegic patients.
Limitations of the study
The results of the pressure mat measurements showed that decreased pressure variation in the coronal (chambers two and four) and sagittal planes. Due to the no significant difficult, we considered that bilateral foot partial weight bearing, and the subjects were asked to place both their hands on their lap. This resulted in reduced biomechanical constraints. As a result, the magnitude of the COP was smaller in the sitting position than it would have been in an upright standing posture (Genthon and Rougier, 2006) . Thus, a further quiet sitting study is needed on a controlled unstable surface, with no footplate and both hands in an arm sling.
The pressure mat measurements in the present study revealed a decrease in pressure variation in the coronal (chambers two and four) and sagittal planes and an increase in the time to AOT. However, due to the absence of any significant difference, it is likely that both feet had partial weight-bearing status.
Conclusion
This study suggested the VBF training can improve quiet-sitting balance in chronic hemiplegic patients. Using VBF training, the buttock pressure of the patients was equally distributed, and the time of symmetry sitting increased. In addition, VBF training resulted in improved pelvic control in a neutral position. The results suggest that VBF training could be a new clinical method to improve sitting balance in hemiplegic patients.
